ABSTRACT
INTRODUCTION N
MOST PRACTICAL applications of adhesively bonded joints and epoxy-based composites the operating temperature is such that in the stress analysis of the structure any viscoelastic behavior which may be exhibited by the adhesive or the epoxy matrix may be neglected. On the other hand, depending on the time-temperature behavior of the particular epoxy, time-history of loading, and the level of accuracy required of the analysis, even at moderately low temperatures the viscoelastic effects may have to be taken into account in analyzing the structure. In particular, if the structure is subjected to a loading with a relatively high frequency cyclic component, temperature rise may occur due to internal heat generation and it may become necessary to investigate the time-temperature effects in the stress analysis. The objective of this paper is to study these effects by considering a relatively simple geometry. The corresponding elastic problem for the adhesively bonded joints have been studied quite extensively. Some typical models used in these studies may be found in [1] [2] [3] [4] .
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FORMULATION OF THE PROBLEM
For constant temperature the basic formulation of the adhesively bonded joints was considered in a previous paper [5] where it was assumed that the adhesive is a linear viscoelastic material which can be modeled by using differential operators. In this paper the hereditary integrals will be used to model the adhesive and the solution will be given for various temperatures in order to give some idea about the relative importance of the temperature changes or of the operating temperatures. It is assumed that the stress relaxation process in the viscoelastic adhesive takes place in a much slower rate than the heat conduction process in the bonded joint. Therefore, the spatial variation of temperature and its effect on the stress distribution may be neglected and it may be assumed that the adherends and the adhesive have the same temperature which is a function of the time only. Thus, the general formulation given in this section includes thermal stresses coming from differential thermal expansion only.
The problem under consideration is described in Figure 1 . In this study, the adherends are treated as &dquo;plates&dquo; in which the transverse shear effects are taken into account. The adhesive is assumed to be a viscoelastic solid under inplane deformations in which the thickness variation of stresses is neglected. The assumptions regarding the mechanical modeling of the adherends and the adhesive may be justified on the basis of the fact that generally the thickness of the adherends is one order of magnitude and that of the adhesive is approximately two orders of magnitude smaller than the characteristic &dquo;length&dquo; dimension of the joint. In the analysis it is also assumed that the dimension of the joint in z-direction is relatively large and the external loads are independent of .z, meaning that the problem may be approximated by one of plane strain ( Figure 1 ).
Referring to Figure 1 To complete the formulation of the problem, the continuity conditions of the displacements in the region of adhesion have to be considered. Again, referring to Figure 1 [6] [7] [8] :
where the known functions G (T, t), K(T), and a3(T) are respectively the relaxation modulus, the bulk modulus, and the coefficient of thermal expansion of the adhesive. Equations (9) Equations (14) and (16) with (6) provide the needed constitutive equations for the adhesive. Thus, (1-4), (14) and (16) (with (6)) give a system of fourteen equations to determine the fourteen unknown functions 0. T, u;, v~, (3;~, N. , Mix and Q~, (i=1,2). Solution of the system of differential equations (1) (2) (3) (4) contains twelve integration &dquo;constants&dquo; which are functions of time and are determined by using the boundary conditions for plates (1) and (2) at x = t l.
SOLUTION FOR THE SINGLE LAP JOINT
In the general formulation given in the previous section by eliminating all unknown functions other than a(x, t) and T(X, t), it is possible to reduce the problem to a system of equations for a and T only. Even In the problem under consideration, it is assumed that the external loads are applied at the ends of the composite plate. In particular, no external transverse shear load is applied to the plate in -l ·: x < I (Figure 1) . Thus, from the equilibrium of transverse shear resultants it follows that:
where Qo(t) is the transverse shear resultant applied to the ends of the plate (Figure 1 ). Using the relations (6) , (17) (21) and (22) 
EXAMPLES
The solution of the lap joint problem shown in Figure 1 is obtained for three separate loading conditions. The solution given by (27) and (28) There is one special case for which the solution may be obtained by following the procedure outlined in the previous section. Let the external loads be zero for t < 0, and be given arbitrary functions of t for t > 0. Also, let the temperature be a piecewise constant function of time, i.e., let Then, for T= T,, the solution given in the previous section is valid in 0 < t < tl. After obtaining this solution the functions T(X, t 1) and a(x, tl) can be calculated. Using now this information as the &dquo;initial conditions&dquo; in time shifted to tl, assuming T = T2, and repeating the procedure of the previous section, the solution may be obtained which is valid for tl < t < t2. The complete solution is obtained by repeating this process for the intervals t2< t < t3,...,ln < t.
NUMERICAL RESULTS
Once the relaxation modulus G and the bulk modulus K are specified, the solution may be expressed in terms of Laplace inversion integrals. These integrals are much too complicated for closed form evaluation. However, they can easily be expressed in terms of real integrals and can be evaluated numerically [5] . The relaxation modulus of the adhesive is obtained from a torsion relaxation test. In practice G(T,t) is generally measured in an interval tl < t < t2 for different temperature levels. If the material is thermorheologically simple, the function G for 0 <t < 00 may then be obtained by using the timetemperature shift factor a(T). 
